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TITLE: DRUG DELIVERY SYSTEMS BASED ON HYALURONAN, 
DERIVATIVES THEREOF AND THEIR SALTS AND 
METHODS OF PRODUCING SAME 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to drug delivery 
systems based on hyaluronan, derivatives thereof such as 
5 hylan and their salts, method of preparing same as well 
as uses thereof. 

THE PRIOR ART 

Hyaluronic acid ("HA") is a well known, 
naturally occurring polysaccharide containing alternating 
10 N-acetyl-D-glucosamine and D-glucuronic acid 

monosaccharide units linked with l->4 bonds and the 
disaccharide units linked with l->3 glycoside bonds. 
In keeping with generally accepted chemical nomenclature 
for polysaccharides, the term "hyaluronan" is 
15 increasingly being used in place of the traditional 
"hyaluronic acid". As used herein, hyaluronan is 
intended to mean hyaluronic acid, salts thereof such as 
the sodium salt, and chemically modified derivatives of 
hyaluronan such as "hylan". Strictly speaking, hylan is 
not hyaluronan; but for the purposes of this 
specification the two terms are used interchangeably 
because within the context of the invention their use and 
application are interchangeable. Hylan is a cross- 
linked, but nevertheless soluble derivative of HA whose 
preparation is described in detail in copending 
ipplication Serial No. 710,929, filed March 12, 1985. 
tated briefly, hylan is prepared by subjecting HA to a 
-oss-linking reaction in situ, that is, in the animal 
ssue from which it is obtained before its extraction 
om such tissue. It is soluble notwithstanding its 
'SS-linked nature because the degree of cross-linking 
relatively low as compared with more traditional 
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'Cross-linked HA, Hyaluronic acid usually occurs as the 
sodium salt. The molecular weight of HA is generally 
within the range of 50,000 to 8 x 10 6 and sometimes even 
higher. 

5 Hyaluronic acid is one of the major components 

of the extracellular matrix and is found in abundance in 
some tissues like synovial fluid and the vitreous of eye. 
Hyaluronic acid and its salts give very viscous and 
elastic solutions in water or physiological salt 
10 solution. 

Being a naturally occurring polymer, 
hyaluronic acid does not give a foreign body reaction 
when implanted into a living body and has an excellent 
biocompatibility . The combination of these properties 

15 together with the known viscoelasticity of HA 

facilitates the use of hyaluronic acid in the biomedical 
field. Thus, a 1% solution of sodium hyaluronate 
(Healon w ) is used in eye viscosurgery (L*A. Pape and 
E.A. Bala2S, Ophthalmology, 87, No. 7, 1980). 

20 Hyaluronic acid is also used to impart biocompatibility 
to various polymeric materials. (E.A, Balazs and 
A, Leshchiner, U.S. Patent 4,500,676, 1985). 

SUMMARY OF THE INVENTION 

Hereinafter, the terms hyaluronic acid and 
> hyaluronan are used interchangeably; that is, the use 
of either one is intended to include the other and their 
use is also intended to include hylan. 

In one aspect thereof, the present invention 
provides water-soluble formulations containing 
hyaluronic acid or its salts and at least one substance 
iaving biological or pharmacological activity . 

In another aspect, the invention provides 
ross-linked gels of hyaluronic acid and at least one 
her hydrophilic polymer copolymerizable therewith and 
ntaining at least one substance having biological or 
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pharmacological action. 

In still another aspect, the invention 
provides methods of preparing the above mentioned 
products of the invention. 

Finally, the invention provides methods of 
using the products of the invention. 

The present invention is directed to drug 
delivery systems based on hyaluronic acid in soluble or 
non-soluble cross-linked forms. In both cases, non- 
modified or modified hyaluronic acid serves as a vehicle 
which provides a slow release of a drug from a system. 

The drug delivery system according to the 
present invention includes the following: 

1 . Hyaluronic acid solutions in which a drug 
substance is dissolved or dispersed; 

2. A cross-linked hyaluronic acid gel forming 
a macromolecular "cage" in which a drug substance is 
dispersed; 

3. A cross-linked mixed gel of hyaluronic 
acid and at least one other hydrophilic polymer in which 
a drug substance is dispersed; 

4. A cross-linked gel of hyaluronic acid or 
cross-linked mixed gel of hyaluronic acid and at least 
one other hydrophilic polymer containing a drug substance 
which is covalcntly attached to the macromolecules of 
hyaluronic acid or the other polymer. 

Any substance which has biological or 
pharmacological activity and which is normally considered 
to be a drug can be used as the drug component in the 
products according to the present invention. This 
substance can be soluble or not soluble in aqueous medium; 
it can be of relatively low molecular weight or it can be 
a polymeric drug, and the choice of the substance will 
clearly depend upon the specific use of the end product. 
It should be understood that any combination of one or 
more drug substances can be used in the products 
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according to the i„ve„ tlon . 

As mentioned abo VA *u 
which lmparte the „ ell ^ ri the >»ly«.eric consent 

product of the Invention u " \ g " r """ti es to t 
5 -»ous f orm s rtleb <Jlf ; er 1S ln hy t a h 1 «°»« or h ylan ln 

3010^ ydr ° PhlllC POl »— We hl y Ur ° nlC 
solutions of hyaluronic acid *° Und tb « 

-ntioned delivering prope rt Pr ° Wde *"* ab °« 
0 « its most hi fh i v n „f ° pertles - Hyaluronic acid k 
•eieht which Polywrised form. le wlth whe " 

ent which can exceed 8 x lo 6 , * a "oscular 

°r Physiological sa i t sol„ f , ' sol "«ons i„ „„„,. 

outstanding visco el asticlt y " ""^ de ""°»««te 

^ this solXn. ts :i U f b f " s a ;;; *' or d lspersed 

a " d tMs contributes to the d°Y SU ° Slan "*»V slower 
' in the case of , dru '"^ """""" »' such 

S">ups. an ionic interaction can C ° nt " nl1 * '"ionic 
SO " """molecules ha»i„ g ^1" betWeen ""Tronic 

a "° this interaction slol 2 * gr ° UpS and « b e drug 
*- the systen, even "» d »<"*lon of the drug 

The hyaluronic aein 
hereinabove all include Solu tions discussed 

A.E.. Fed Prl v ^ aCid P«ty. 

2 * Hy aluronic ' ? d \ Proc - Vol. 25, No . 
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Hyaluronic acid is .nown to forra ' ' m7 " 22 «-» 
b »d body w„e„ the P H of a S o lut • 1 " tlc - al -st 

The hardness of this p„ tty ° T thereor *• around 2 5 
hyaiuronic acid and sodl m ^ """^ Up °" tb * 
solution and the te„»erat U re e0 "-"'-»«- i- the 

consistency, should be considered a! d6SPlte " s 

it can be i n ,i nltely „ " ed « a solution because 

solution, with the usua! projrt r l ° * iVe dllu te 

have found that the ability '" f °* * SOlu »°°- * 
«e acid putty can be convenient! °" C *° W *» <°™ 
Product with drug delivering 7 l ° ° btaln a 

-"erstood. however that " Pr ° PertleS ' " should be 

' " thSSe prod "ts can only be used 
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*» circ ums ta„ces b 

The hyaluronic acI , 8y are "«te acidic 

Products, Dased on the ' s C " ld °°»^ntration ln the ° ldlC - 

*««. of frora about 0 e 05 S ° t lUble "°Ws. can be ln t „ 
5 "~ng on the enfl u ° 5 *° « by weight and 

eventration can be var °' the Tne 

« u^rr dei1 - 

a "d thus proving , e sur *ace of t ha 

20 * °« the eye. uniform action of the 

The other tynes „ 

»::t° to the tr? deiivery 

be us' /"* °' ""«««»ie baS ! d °" '—X-bl. cross- 

be used to cross-li.,. h „ , ""nerous substan— 

<o rmaldellyde .^^V^-ic acld incxudi^"" 0 " "» 

25 -Wone and ethers. 1 , " 1 '«""<M compound . 
cross-li„i,,„„ have *ound that ♦ a *vinyl 

react, Sent is «vinyl sul, Preferred 

so7uti/ eadny Wlth ""Tronic a cid ™ S Sub «"ce 

previ d r " ^ '-"Peratures le " «*•»». 
Providing cro SS -a nlted HA J, " 16 ab °" 20°c, thereby 

° J"" -ter contain^, ^ ~U in 

Spends upon the degree n " e med «- The swelling ratio 

* fo und the de^e of CrOSS - li " kinB °' 

=°ntroUed by cha„g ln . s ° CrOSS -"-*in B can „/ 
molecular weieh, f s everaX factors inclurt, 

"eight of the Ha i.» including the 

«*«io„ mlxture _ alJ V *°°«ntration i„ th . 

Polyner/DVs ratio T h» 1ConcMt »<ion and the 

Th e reaction ls very fast ^ ^ 
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5 °* ^^ii^tzt:: it that the ««o 
- 11Ing ratlo of e «-_ ^t-ti.!^ greater 

Polysaccharides obtains 8 S OI oth «- 

conditions. This can T" Same 
»• u„i que „„ ure ^IT™" 1 * be "Pained 

large molecule o, HA lorms * ^ that i„ Kater 

solution. For emel y large volume ln tn . 

15 nydrated HA moleculT in' a f specl fic volume of a 

»-« x I0 3 ; ha P t hy "° l0 ««^ -It solution is 

concentrate water solution of"! * «"«• 

Phenomenon occurs which win I \ ' * St9rlc delusion 

«i, the p^sico-chemica; P 0 ;:::;: s n ": ny •«•« 

the reaction of the HA wit£ loTm' , S ° 1Utlon - but 

substances as well r„ 1 ""olecular weight 

« solutions affects the d^grVoT' """^ °< «» 
behavior of the cross-li nke d " , °* c — and the 
anything that occurs with oth e r * " ann « unlike 
We have al s „ , Polysaccharides. 

HA to eive hi.!., U that ">is uniou. „,„ 

° Bive highly swollen cross-:.* „l. „ u " ll,ue Property of 

to great advantage to effect" " lm c " be 

Properties of cross-linked *° dlf "ation of the 
»lth other hydrophilic „„, ° f """ures of HA 

=0 other polysaccharides synthet"' "— ""^ 

bVdroxyethyl cellulose cal! ° """"^ S " Ch - 

^^^nogiycans; Pro b :: 1 y :; thy : ceuuiose - »-«»■ 

various types, such as 0011!" , SlyC ° protei « ox 
.lobulin, etc. sulfated pr otelns Sti "- 
" such as polyviLl !, J Synthetlc "ater-solubl, 

oo-poi TOers of Poiy^ch^Xet^rn,::: u< «. 

yeiiiyi) methacrylate and the 
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like. I„ other words, any polymer soluble in water or 

aqueous alkaline solutions and containing m 

of reacting with DVS name1 », 7 B * ° UPS ca P al >le 

w„ . ' namelv hydroxyl, amino or 

sulfhydryl groups , can be use(j tQ 

5 cross-linked mixed. gels of HA swollen 

0 subsequent swelling of the product In tn!* * 

of hyaluronic acid with Inother polymer " 
be cross-linked by treatment in solution of LIT" 
sulfone in a m i*ture o f water and a solvent which cannot 

cross-linking agent, eg acetone. By changing the ratio 
between water and the organic solvent, the sweilLg ratio 
of the cross-linked fil m in water can be conveniently 
controlled. However, the sweHing ratios of ' 
cross-linked products are usually substantially less than 
for gels obtained by cross-linking carried out in 

jot::;: 3 ol hyaiuronic acid ~ its — — 

invention Zl ^T^VZT? *° ^ ~ 

as sucft or in combination with 
various supports or substrates e „„h 

suostrates, such as polymeric porous 
sponges, gauze, polymeric films, etc. 

We have found that the above described gels of 
hyaluronic acid or mixed eels k ■, 

r mixea eels of hyaluronic acid with 

loale/w r" ^ eXCCllent *™S -livry systems when 
loaded with a substance or substances having 

pharmacological or biological activity. 

feither fl / he d ° maln ° f Cross - lin *ea hyaluronic acid 

(either a one or co-cross-linked with other polyanionic 
or neutral polymers) forms a so-called "molecular cage- 
In this cage, hydrophilic or hydrophobic molecules of 
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various pharmacological or biological activity can be 
dispersed* Thus, the cage constitutes a depot for these 
substances of various molecular sizes. The substances 
contained in the domain of the molecular cage will be 
5 delivered into the environment by diffusion therefrom. 
The delivery process is controlled by such factors as the 
exclusion volume effect and the pore size of the 
molecular cage and by. the molecular interaction between 
the polymeric network and the substance contained therein. 
10 Thus, the molecular cage forms a depot for the controlled 
delivery of drugs or other substances to the skin or 
other tissues. 

There are several methods for combining a drug 
with the gel and, accordingly, several types of products 
15 which can be obtained. 

One of the methods comprises diffusing a drug 
. into a gel when the gel is put into a solution of the 
drug* The diffusion process is usually slow and depends 
upon the drug concentration, temperature of the solution, 
20 size of the gel particles, etc. The product obtained by 
this method is a gel in which a drug substance is 
uniformly dispersed. 

The same type of product can be obtained by 
dehydrating a hyaluronic acid gel and reswelling it in a 
25 drug solution. To dehydrate a gel one can use a water- 
miscible organic solvent or alternatively, water from a 
gel can be removed by drying. However, we have found 
that it is preferable to use a solvent because after 
drying at a low or elevated temperature, the gel cannot 
) re-swell to its initial degree of swelling. On the 
other hand, after dehydrating with a solvent, the gel 
swells to the same volume it had before the treatment. 
We have found that preferable solvents are ethanol and 
isopropanol , and ketones such as acetone, though other 
solvents can also be used. 
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p rod ucts oTitz "Sir* used to — 

cross-li„ kin reaction resulting from a 

an «-« ta 

methods has certain advLt. ^ " Ch OI the 

» the other methods ITZ lZ T" *° "> °< 

- — o, method ziT::T^:::; c ir- hence - 

«».» to such parameters as nat ur *J \* 7 * M °" 
desired concentration of th. - • Ug> the 

delivery ra , e , etc "* in the SJrstem . the 

15 « ■ 

A drug delivery S vstp m «<■ 

according to the present .ZZZ'T^" ^ 
is covalently attached to 1 in Which « drug 

«« and/or o„„ ^ s ~ CUl = S °* h " lu "-^ 
are characterized by TZL °Z "f * " l - These ■»«— 
- -"very than ^11^ °* 

».f result of numerous metahnu, 

taking place in vivo Th. metabolic processes 

usually slower than «■„ de e"dation process is 
» or a dru g , " t ; , U : M — * delivery 

— ent invention. Z^^^T"' " ^ 
degradation process can he controlled V °* ^ 
including adjusting the density o f the SeV ' ral ""■ 
Bel or by co-cross-li„n ! <=ross-li„ ks in the 

» w"ich can be d^^^"f h l,,r " ,,rODle P^ers 

Anoth ' US ' the rate of drug delivery. 

type of .r^TlJZT^ " ^ d6llVe - *« 

involves the use of such chemical bonds 
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*or attachment of a dr« «. 

a gel wnlch h *<> Polymeric molecule. , 

5 "rug substantial type ot » Product on. 

Xn tMs cat"!" 4 " • "oss!^*" * 

III™;* x. . °< a dru ;t 8 

modl fyine . J 1S n,etho < i comprises ° " e US9d to obtain 
th„ "oss-linked eol a,f ch en>ically 

the reao "« "ydroxyl g *1 " ter lts 'oration „ sln 
reactive groups t * r ° UPS ° f hyaluronic acid r. * 

powers and a drug C an be cov T —"—-linted 
' " iCtl - groups att «^ to these 

P«se„t ^i^r^*^ according to th# 
=on veilt i onal drugs « ^ application where 

il V ° Pbthal "-°l°« and dermat" ' " f °™"io„s for 
i".Planta M e materials, etc Th ^ " '^"W^ or 
these products i s „ The Principal , d „,„, 
component or th. y tlle **ct thaf ,1. 

soluble „, Product, namely „„„, " the Polymeric 

iuble or insoluble form h, hy aluronic acid i„ 

»iocompatibU ity and J™'*** outstanding 
when used ln „ unans _ " ~t cause any completions 
30 materials , lke Polymeric su'"' C ° mbUs " «« other 

th= drug delivery products ac ""- * P "''«- etc 

contraceptive devices, wound h deluding 

WOUnd -"sings, drug delivery 
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5 In be —crib* * 

/ In order t« . 1 


/ In order to 

1 -t- r ^ — ^ -rf 

( 10 «e„ a dr^T" to . 1. water 

*»»-r concentr.ti" hyalu, -<"»c *«d S o Iutl <* » 

"se or , he „. M r " lon " chosen denena, S ° lutlo »- The 

" acid. ffe h f " " d the »°leculT e UP ° D " e «»«« 

-- CU u; e tt eth e t , ; 0 u r that " r hyai — 

Nations. 2 " * «-* 

. ™ e "wired active choseo 

25 I- order ..^ is " Oro -"«M.. 

^ -»r: r : - r 

ot °°tai„ ln( , .° Ular "eight the great. reac "°n - the 

" e * "^-linked eel ^ the "-Ability 

The alkflU * 

mix ture can be ^ COnce «tration in the 

lower l± mi . r ° m °-°<>5 M to o ^ rea =tion 

of t ! 18 dlctat «cl by th! h1 ^. The 

0* medium by the necessity to have ,h 

^drolysis of ha * ha " 9 an <* the urn*. , * P " 

111 - .ol„ t r OB RPer i| 11 - lt b * «. 

Usual lv n 
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decrease i„ alkali 

*«»t.r swel '""""""an results In „. 
»« W» takes pj t " *"/ Pr °'» l >^ because a si,, Wlth a 

rr s with «• sweiiine *»«• 

,y e have founw *u ncra tion. 
«»ction m ixt ure /° U " d th « the ha/dvs rat - , 

10 ™°re hi KhIy ™- An '""ease i„ t J °< tb. 

« °>>tai»ed ^'J*""* »•« and ^£1? *' 

«— «*. the HVDVS wel ' t 1S ra "° is decreased 
and «»*t ratio can be fron ^ £^ 

The cross-iinn M 
°" « room temperatur! reactl °» *« usuaUy „ • 

Performed at . f ' 16 abou t 20°c h„. ««>ed 

temperatures and i, alkallne solutions at «„ 
--ease i„ Mlr Ration occurs "nT" 

the properties o f the o b ta lned 

The cross-li«n 
a "d strong -unking reaction i s - o1 ^. 

the ha f ° rmed »—Uy in s relatlv ^ *«t 

ratio f Conce «trat ion is hi J* " Sev ^al minutes 
ratio is low b. ^ "iffh enough an* *v 

reaction , Ut even « low ha the HA /° V S 

* taction mixture +1, " A concentrate . 

"inutes aft* ' the gel Nation sta.7 ln the 

most cases ' addUlon ot DVS. ^ 117 IO-15 

° ne ho - is sumcient fo ^ that *» 

* f ° r com P^tion or the 
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cross-l inking reaction 

To obtain mixed 
hyaluronic acid and ? t T r "°--"«*- gels of 

""roiled b y varying the ' " e «"venie„tl y 

™e. The swelling""'" ^ 

;:i; n ;r ase °* «• «» is ««, 

10 ra„ °'" tUre ln a «»d gel „. '""Position of th . 

g«, ModegradaMUt, of th. cross n t 

J>e Preferred COMe ; ^« ^ e deli very 

Polymers to be co-cross-li nk ! d ° °' * P ° IyMr « 
" a d b ePe " dS -*» -n y factors a s i J"f 4 '«"»»le 

a ° OVe - t iaS °~» diseased 

-i=g the ivzt* zzitit swoiie ° * ei » 

drug solution. The ^' **• »1 can be put i„ to 
2 ° depends u po „ „l r.. co "»Pletion of th,. 

T peratur P e ^ P ^,««; ~ -ell^ J"'- 

the?" 8 lD " e SOlU «- etc T" «ion of 

" eS6 P *""«ers. a swollen eel * C °» bi «tion ox 

• ";r short « ": e be ioMed a d^ 
* « obt h z:°r f n t d e rr good r — «« - obt > 1Bea 

"lowed to swell ia .Z'llT' 1 ^ i. 
*«b I. Present i n th.^^" 10 "- T <" «cess a lk ali 
".*<.rocblorlc acid wits ... - °* "•"tral lz . d 

with 

. substance which i s desirab le 0!°° °' ^ <"°«de, 
""desirable, i n Bany dr ~ at l east ^ 

To dehydrate » Products. 
" enough to p„t the VH" 11 ^ « • -Ivent 

P«ticles or as a „e m bra„ e ' * 0 ™- ie - «« 

solvent, eg U^IT ^ ' «""«"» a 

SOlVe " a a^Tof"^ " - «• 

* tlnie to remove water 
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from the gel _ 

< <. the size of th. ae * re « of water removal rt = 

<,., , e Particles or th. _ ,. depends upon 

*el/solvent ratio, etc. The t the 
can be re»„., Tne treatment with . 

repeated several times a solvent 

*«- the gel can oe renov J^ lf "esired. Tne solye 

Pressure or i n vacuum at ro„ * """^ no ™« 

»• «us ly dehydrated j ™ M 6l6V "^ temperature 
-swells to the initial^" a drug solute 

When a druc Hoi * 
"valentlv attached to po^T'" ™ *»« »olec nl es 
the -rug can be dlrect ,'°7" ers a gel ls deslrel 

"i«ure during M ^ - lBt ° 
" "action conditions can be used the same 

substances are those which T SUltaW * °'ug 

"active towards the ToTs IZT^ 

^vinvl suifone. l*^^"****" ■ P^rahlv 

n^droxn. amino and sulfhyd ° '"""i" 1 «°UPS are 

drug .h ich ca „ be ^ groups. ta 

a-tiblotic gentamicin. " Process !• the 

^»^ fc S^r a 7 «• — -liver, 
used as a model substance to v"" 0 "" "«—««. 

*- -ster combsfo"^ "7^ obtained 
P"Pared. a « ueo ^ sodium chloride was 

—on so^haTtt f"n U aT eSCei - ~ « 

«• * solution of Tr: 5 n r a "° n of «»~~«. 

• ««— sait solution wL used as a " UOrM °"° *■ 

co as a control. 
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labeled J" " 1XtUre °* »•« sodium „,al 

°rug, the rates ot , e]aoe , fi yaluronate and 

! aVe " Be rate o* rele.se 1 ■ ± """> «« «*• 

"•032 with 33 . over 3 hours was „ " 

<"•'• MCI, of added -leased; there ^ 

a"er 24 hours. *— 1. the SA 

10 zrs-^^zvz r iabeied «• 

CIO minutes) and l4 . ^ and * release were- , „ 0 
"20 <«• — es> a„ d 47 . % « 

release over 3 hours was 03'* of 

IS ins U f d r61eiSed - « « "our "a o ;" 2 o* the - 

The results 

« a mlxture „ "-"ate that ^ ^ 

ap projtimately 10 « g reduces the rate of release by 

Example 4 

20 zr - — 

'■ 3, "t«'»<u m ! 1 " p '" it,I "«'".. 

NaCl r„1 , 0 .„ . c "scosity i n o it .. 

5, » J ' M " about 2 S . ,„6 % °" IS solution or 

25 ■•««<> , of 0.2 M NaOH solut^ ' "* »"* 

"lution after stirring for 30 *° a « weight 

«ei d „ t Vinyl SUlf °" e -a e st lr red ° ° 721 « 

in !k ri "° HVDVS — about < " f SOlu "on. The 
In about 15 „,!„«„. The " , Stron * ««1 formed 

30 then put <„,.„ T ne gel was left f„- _ ,. 

°" e at « of distill... ° ne l " >ur and 

le« to swell ln „ a ter overall ' The •« — 

*«« «.u particles by vi" ^ " «• •«*.« 

particles were fut.« d T S " rrlnS ln »• 1 

35 t water - coi -ie- wa t :;' and washed — * 

" obt "»ed. To deternin ' he Pirtl< =los were 

-*« the swelling ratio of the gel * 
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a sample weighing about 1 * was e *n* 

"Iter at 3.000. rpm for 2 ^ * * la ~ 

!•« on the mter were hydroly ed with 
solution for 3 hours at 95-98°C The i °' " 
5 obtained was neutrally Clear s °lution 

NaoH soi Ution :T t i T e :z:i:: 01 ine with 2 mi - « 

determined by the carbfzoi C ° nteDt was 

'or the ^™ t r^^: ^/-mated Method 
Biochemistry. 2 , 517 _ 558 *™ C Aci ^ Analytical 
10 starting gel was calculated "d " CMtMt in th * 

-pressed as 100/ Mx where Xl* * atl ° W&S 

tlie swollen gel. L Aj% 1S a P^cent of HA in 

The swelling ratio in water *u 
w *s 820. " water °* the gel obtained 
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h ya lur0 Mc T ac 1 r d eX ^ Pl ; J! 1 """ 1 - fading of 
substance from the product """^ of this 

used. s ,1 „ a 40 „ M lnoitol «<». 5-[l,2- 3 H( M ,7., 

— 5 1 „ f „oss."„;:d"r n r the subst ™ ~ 

"cording to Example 4 and thl obtained 
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substance by a factor of mo1 ^ 1 " -eight 

factor of more than 5 times. 
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1.60 g of air-dried sodium hyaluronate (water 

content about 15 wt %) obtained from rooster combs 

(limiting viscosity number 4580 cc/g) was dissolved in 

48 ml of 0.2N sodium hydroxide for about 1 hour. 0,29 g 

of divinyl sulfone was added to 5 ml of 0,2 N sodium 

hydroxide and the resulting solution was stirred into the 

sodium hyaluronate solution. After about 2 minutes of 

stirring, the reaction mixture, which was still liquid, 

was poured onto a glass plate as a layer of about 1 mm 

thickness and left for about an hour, A strong 

resilient gel film was formed which was dehydrated by 

placing it first in isopropanol - water (4/1 mixture) for 

45 minutes, then in pure isopropanol for 30 minutes. 

The dehydrated film was dried first in air for 30 minutes 

and then in vacuum for 30 minutes at room temperature. 

The dry, milky-white, fragile film was loaded with 

2 

gentamicin by putting 1 cm pieces of the film into 0.5 

ml of a 5 mg/ml solution of gentamicin in phosphate 

buffered saline and incubating for 18-24 hours at 4°C. 

o 

After treatment, each 1 cm film was rinsed 
with 10 ml 0.15 M NaCl solution and then the pieces were 
placed into an antimicrobial assay system in order to 
determine the period of time the film maintained 
antimicrobial activity (length of effectiveness) against 
E . Coli. 

In this assay, samples of HA membrane/ 

gentamicin were placed on an agar (MCA) surface formed in 

the well of a 24 well Falcon plate (2 ml volume /well, 

1.8 cm diameter). Immediately after the films were 

7 

applied, 0.10 ml of a 10 dilution of a 24 hour Pennassay 
Eschericia Coli culture of bacteria were added to the 
agar wells. The controls were: agar well plus 
gentamicin solution (10 pg) und E. Coli, agar wells plus 
E. Coli only, agar wells plus buffer and E. Coli. 

After 24 hours at 37°C, all wells with bacteria 
and HA membrane/gentamicin were free of bacterial 
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wash solution was -, 

incubated repla <*d with a SeCon w e 

seated " * ddi "onal 2 4 hou ^ ° «* -li ne 
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10 •«* hour tline p ^*~* «.» » lt . a ,; act t e h !. *«• 

»°t carried out .„ , <Up to 4 «ays- " acter « at 

»«cate that the J . " 1 * 1 erowt '> Th tn<>re 
cross- Iinlte , h f '"tanicia eoval.„„ * Se r «««t. 

» active fo . hyalur °«= acid '"ached to . 

f " 4 at 3 7 o c . *\*-M-d bi OIog i caIly 
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uniform viscoelastic soft gel was obtained which was 
dialyzed against 0,15 M sodium chloride for 5 days. 
The concentration of the cross-linked hyaluronic acid in 
the gel was 0.21%. This gel was mixed with 1% 
5 mydriacyl ( tropicamide ) in balanced salt solution to 
produce a final concentration of 0.5%. 0.5% mydriacyl 
in a balanced salt solution was used as a control. A 
balanced salt solution without the drug was used as a 
negative control. 

10 New 2ealand white rabbits (12) were placed in 

a restrainer and baseline pupil diameters were measured 
using an American Optical slit lamp equipped with a 
micrometer. 50 yl of each test sample was instilled in 
one eye and 50 yl of the control solution was instilled 

15 in the other eye. Pupil size was measured at regular 
intervals for up to 450 minutes. The average increase 
in pupil diameter was 3.2 mm ± 0.80 (n = 12). The 
rabbits which received mydriacyl solution maintained 
greater than 50% of this value for up to 160 minutes 

20 after which time there was a rapid decrease in pupil 
size, returning to normal in approximately 240 minutes. 

In the rabbits which received mydriacyl in 
hyaluronic acid jelly, greater than 50% of the pupil 
size increase was maintained for an average of 340 

25 minutes after which time there was a much slower rate of 
decrease in pupil size as compared to the rate of 
decrease observed in the rabbit eye which received 
mydriacyl solution without HA jelly. 

These results indicate that the combination of 

30 a drug with a hyaluronic acid gel significantly prolongs 
the period of effectiveness of the drug when applied 
topically to the surface of the eye. 
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Example 11 

This example illustrates the preparation of 
hyaluronic acid immobilized in a porous polymeric sponge 
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CLAIl&S: 

hyaluronan or hy la „ ls a soluble or i„„ , 
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10. A drug delivery system in accordance with 
Claim 9 wherein the insoluble hyaluronan is a cross- 
linked gel of hyaluronan, or a cross-linked gel of 
hyaluronan and at least one other hydrophilic polymer, 

5 preferably containing 5% to 95% by weight of said 
insoluble hyaluronan , 

11. A drug delivery system in accordance with 
Claim 10 wherein the other hydrophilic is a polymer 
having a functional group capable of reacting with 
divinyl sulfone, preferably a natural or synthetic 

5 polysaccharide selected from hydroxyethyl cellulose, 

carboxymethyl cellulose, xanthan gum, glycosaminoglycans; 
a protein or glycoprotein selected from collagen, elastin, 
albumin, a globulin, keratin sulfate, a sulfated 
aminoglycosaminoglycan and a synthetic water soluble 
10 polymer selected from the polyvinyl alcohol and its 
co-polymers and co-polymers of poly-( hydroxyethyl)- 
methacrylate. 

12. A drug delivery system in accordance with 
Claim 9 wherein the insoluble hyaluronan is in the form 
of a molecular cage and the substance is dispersed within 
said molecular cage. 

13. A drug delivery system in accordance with 
Claim 9 wherein the said substance is covalently bonded 
to the macromolecules of hyaluronan or said at least one 
other hydrophilic polymer. 

14. A drug delivery system in accordance with 
Claim 13 in combination with a support or substrate 
therefor, preferably a polymeric porous sponge, a gauze 
or a polymeric film. 

15. A drug delivery system in accordance with 
Claim 14 and comprising (a) a membrane formed of a gel of 
hyaluronan containing gentamicin or mydriacyl, or (b) a 
membrane formed of a gel of hyaluronan and chondroitin 

5 sulfate containing gentamicin. 
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22 ' A method i« 
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